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The use of non-aqueous solvents in desorption electrospray ionization mass spectrometry
(DESI-MS) is explored by analyzing a set of 43 compounds using binary mixtures of
chloroform, tetrahydrofuran, and acetonitrile as the spray solvent. Comparisons of data
obtained from chloroform/tetrahydrofuran (1:1) and chloroform/acetonitrile (1:1) spray
solvents with the standard aqueous-based spray solvent (methanol/water, 1:1) shows that the
non-aqueous systems have practical value for DESI, especially in the analysis of hydrophobic
compounds. Non-aqueous spray solvents were used to ionize thermometer molecules (benzyl
pyridinium salts) and showed lower internal energies (softer DESI ionization compared with
methanol/water, 1:1), a result that has parallels in known solvent effects in electrospray
ionization and is explained by solvent effects on surface tension. Consideration of octanol/
water partition coefficients (Kow) of the 43 analytes in the light of their DESI results reveals the
importance of the solubility of analyte in the spray solvent in producing high quality mass
spectra. This finding provides additional support for the droplet pick-up description of the
DESI mechanism, which is based on analyte dissolution in the spray solvent, followed by
splashing of subsequently arriving droplets in the liquid film to form microdroplets of
dissolved analyte. DESI solvent optimization can be improved by the use of Kow of the analyte
as an indication of the polarity of the most appropriate solvent system. (J Am Soc Mass
Spectrom 2010, 21, 572–579) © 2010 American Society for Mass SpectrometryAmbient ionization techniques [1–3] are becom-ing increasingly important in mass spectrome-try (MS) because of their ease of implementa-
tion, minimal requirements for sample preparation, and
the capacity to ionize a wide variety of chemical com-
pounds. Most importantly, samples are analyzed in
their native state in the open atmosphere of the labora-
tory. The success of desorption electrospray ionization
(DESI) [4–6], one member of the growing family of
ambient ionization methods [7–18], is due in part to the
ability to optimize the spray solvent to the analyte(s) of
interest, both by choice of the solvent and, in some
cases, by addition to it reagents that chemically modify
the analyte for enhanced ionization [19–21]. Surface
effects in DESI have also been studied [22], and it has
been concluded that surface properties such as wetta-
bility play a role in charge-transfer. Solvent effects in
DESI have not been studied systematically, although
there are a number of instances in which alternatives to
the common methanol/water system have been re-
ported [23–27]. In the current work, we explore the use
of non-aqueous spray solvents and their effects in DESI
to extend the range of application of DESI and seek to
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data in light of the DESI mechanism.
A number of proposals have been made about the
mechanism of DESI, the most important of which is
summarized under the rubric of the “droplet pick-up”
mechanism [4, 28, 29]. As is the case in other desorption
ionization techniques, both those performed under vac-
uum and those in the ambient environment, the mecha-
nism of DESI can be divided into two steps: desorption/
ablation of analyte from the condensed phase and
ionization of the analyte molecules. There is evidence
from experiments [29] and simulations [28] that DESI
ionization follows the formation of a thin liquid film of
sprayed solvent on the sample surface into which analyte
dissolves. The subsequent arrival of additional charged
microdroplets of electrosprayed solvent splashing into the
film releases microdroplets containing dissolved analyte
in a momentum transfer event. The solubility of the
analyte in the spray solution has been proposed to be an
essential requirement in the DESI desorption process
[30–32]. The analyte acquires its charge (if not already a
salt) through simple acid/base reactions involving the
ionized solvent and analyte. Free gas-phase ions are
generated by solvent evaporation and ion release pro-
cesses (ion evaporation and charge residue processes) that
are well-known from electrospray ionization (ESI). In
little-known variants on the DESI mechanism, analyte
charging can occur in the gas phase through chemical
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spheric pressure chemical ionization (APCI) [5]. Irrespec-
tive of the phase in which the analyte acquires its charge
(either solution or gas phase), thermodynamic properties
such as proton affinity are the driving force in determin-
ing which analytes will preferentially be observed as
gas-phase ions.
Analyte charging in DESI can be increased by adding
acid or appropriate derivatizing reagents to the spray
solvent [23, 33–35], i.e., performing an experiment
known as reactive DESI. In almost all DESI experi-
ments, polar protic solvent mixtures have been adopted
as the normal DESI spray solvents, irrespective of the
analyte’s polarity. Such a solvent choice is well-suited
to charge stabilization in the course of solvent evapora-
tion from the analyte but it might not be ideal for
dissolution of the analyte. Hydrophobic analytes are
not successfully handled with such aqueous solvent
systems. Non-aqueous solvents, specifically CH3CN/
CHCl3 (1:2) has been used to enhance the DESI analysis
of cholesterol [23], most successfully through reactive
DESI in which the relatively non-polar cholesterol is
also chemically modified to create a charged derivative
by adding an appropriate reagent to the spray solvent.
In other cases, increased ion yields of certain agro-
chemicals were observed when CH3CN was combined,
in various proportions, with water as the DESI spray
solvent [24]. Van Berkel et al. have also used pure
acetonitrile and methanol on several occasions as DESI
spray solvent [25–27]. For example, they investigated
mass spectral signals obtained from a normal phase
thin-layer chromatography plates and observed that
pure acetonitrile was superior to methanol as desorp-
tion spray solvent [25]. In the present work, we show
that non-aqueous solvent mixtures are suitable for DESI
experiments on compounds with different polarities,
especially hydrophobic compounds. We also demon-
strate that the solubility of the analyte in the spray
solvent is important in DESI, thereby providing addi-
tional although indirect support for the droplet pick-up
mechanism. Through the use of thermometer ions, the
study also reveals that non-aqueous solvents result in
softer (lower internal energy deposition) ionization.
Experimental
Chemicals and Reagents
Agrochemical analytical standards were purchased
from Dr. Ehrenstorfer GmbH (Augsburg, Germany)
and from Riedel de Haen (Seelze, Germany). Individ-
ual stock solutions (200–300 g mL1) were prepared
in methanol and stored at 20 °C. Working solutions
were prepared by appropriate dilution with acetoni-
trile. HPLC grade acetonitrile and methanol were
obtained from Mallinckrodt Baker Inc. (Phillipsburg,
NJ, USA). Tetradodecylammonium bromide was pur-
chased from Fluka, (Buchs, Switzerland) and tridode-cylamine from Sigma Aldrich (St. Louis, MO, USA).
The polytetrafluoroethylene (PTFE) surfaces (PTFE
sheets 1/16 in., 12 in.  12 in.) used throughout the
study were acquired from Small Parts, Inc. (Miami
Lakes, FL, USA). p-Nitrobenzylpyridinium bromide
(para-NO2), p-methylbenzypyridinium bromide (para-
CH3) and p-methoxybenzylpyridinium tetrafluorobo-
rate (para-OCH3) were purchased from the Florida
Center for Heterocyclic Compounds, University of Flor-
ida, Gainesville, while p-cyanobenzylpyridinium chlo-
ride (para-CN) was synthesized in-house following the
method described elsewhere [36]. Micromolar (106 M)
solutions of the para-CH3, para-OCH3, para-NO2, and
para-CN salts were prepared in MeOH/H2O (1:1) solu-
tion. A mixture consisting of all four compounds at this
concentration was made so that approximately the
same ion intensities might be obtained.
Mass Spectrometry
Experiments were performed using a Thermo LTQ
linear ion trap mass spectrometer (Thermo Finnigan
San Jose, CA, USA) tuned for optimum detection of the
precursor ion of interest. The instrument was set to
collect spectra in the automatic gain control mode for a
maximum ion trap injection time of 100 ms; three
microscans were combined per spectrum. The capillary
temperature was set at 150 °C. All DESI experiments
were carried out using an OmniSpray ion source from
Prosolia, Inc. (Indianapolis, IN, USA). This DESI source
was fitted with a sample platform, X-Y-Z positioners,
and a charge-coupled device (CCD) camera to allow
precise positioning and to maintain positional accuracy.
The main experimental parameters used were as fol-
lows: solvent flow rate, 5 L min-1; spray voltage, 4.5
kV; capillary temperature, 150 °C; tube lens (V), 65 V;
capillary voltage, 15 V. DESI-MS parameters were as
follows: spray angle, 55°; nitrogen gas pressure, 150 psi;
distance from sample to tip, 5 mm; distance from
sample to analyzer, 1.5 mm. Different spray solvent
compositions were used in the course of optimization of
the experiment including CH3OH/H2O (50:50, vol/
vol), CH3CN/CHCl3 (50:50, vol/vol), and THF/CHCl3
(50:50, vol/vol). Different surfaces for sample deposi-
tion, including paper and Teflon were tested. An ali-
quot of 2.0 or 3.0 L of solution was deposited onto the
surface. Tandem mass spectrometry experiments were
performed using collision-induced dissociation (CID) to
confirm the presence and identity of the analytes. These
experiments were performed using an isolation win-
dow of between 1.0 and 1.5 (Thomson, Th, i.e., m/z
units) and 25%–35% collision energy (manufacturer’s
unit). In-source CID was also performed on the ther-
mometer ions using capillary temperature of 150 °C and
capillary and tube lens voltages of 80 and 110 V,
respectively.
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Optimization of Non-Aqueous Spray Solvents
Binary mixtures of chloroform (CHCl3), tetrahydrofu-
ran (THF), acetonitrile (CH3CN), and 1,4-dioxane
(C4H8O2) were evaluated. Combinations of these sol-
vents in various proportions were considered. Binary
mixtures (50:50) of CHCl3/THF and CH3CN/CHCl3
gave relatively stable electrospray signals and formed
few or no cluster ions in the mass range of interest.
Signal intensities from these solvent mixtures were
generally an order of magnitude lower than MeOH/
H2O (1:1) spray solution for typical polar compounds
that dissolve in both solvent systems. The effect of spray
voltage on the ion signal derived from tridodecylamine
(TDA, [M  H] m/z 523) and tetradodecylammonium
bromide (TDAB, m/z 691) was monitored using CHCl3/
CH3CN (50/50) as the spray solvent. The results (Table 1)
indicate that there is a significant dependence of ion signal
on spray voltage (both ion intensity and signal to noise
ratio) in the cases of both analytes in the non-polar
system, just as there is with the standard solvent system
[5]. This confirms that the droplets derived from
CHCl3/CH3CN (50/50) spray solution are electrically
charged.
The role of analyte solubility in the spray solvent was
tested by analyzing 43 different samples (1 g quan-
tities of each) using MeOH/H2O (50/50), CH3CN/CHCl3
(50/50), and CHCl3/THF (50/50) as spray solvents and
using paper and Teflon as substrates. Table 2 contains two
independent sets of data. Compounds 1–40 in Table 2
were analyzed using CHCl3/THF (50/50) solvent system,
whereas Compounds 1–43 were analyzed using CHCl3/
CH3CN (50/50) solvent. All 43 analytes were also sam-
pled with the standard MeOH/H2O (50/50) spray sol-
vent. Both the non-aqueous spray solvents CH3CN/
CHCl3 and CHCl3/THF yielded similar results, given in
Table 2. Compounds here designated as Class A com-
pounds (Table 2, analytes 1–3) were only detected with
MeOH/H2O (50/50), except for furazolidone, which
was also detectable using CH3CN/CHCl3 (50/50) as
spray solvent. Class B compounds (Table 2, analytes
4–9) were only detectable with non-aqueous spray
solvents. Class C compounds (Table 2, analytes 10–43)
Table 1. Effect of spray voltage on ion yield; CHCl3/CH3CN
(50/50) spray solution using paper as the substrate
Spray
voltage
(kV  0.02)
Tridodecylamine
(average ion
intensity  SEM)
Tetradodecylammonium
bromide (average ion
intensity  SEM)
0 1.70  101  0.47 2.80  102  8.41
1 4.24  102  2.39 1.39  103  26.94
2 1.34  103  75.39 6.46  103  73.78
3 5.69  103  16.49 4.68  104  489.37
4 8.04  103  45.67 1.20  105  1290.99
SEM is the standard error of the mean (SEM  /(n)1/2;   standard
deviation and n 4). Absolute amounts of 0.02 g of each analyte were
sampled.were observed in DESI-MS using either MeOH/H2O
(50/50) or the non-aqueous spray solvents. Signal in-
tensities for this class of compounds were generally
lower for non-aqueous spray solvents (an order of
magnitude for CHCl3/CH3CN, 50/50 and about two
orders of magnitude for CHCl3/THF, 50/50) compared
with the standard methanol/water (1:1).
The partition coefficient Kow expresses the distribu-
tion of analyte between an organic phase (o) and
aqueous phase (w). As can be seen from Table 2, class A
compounds were generally found to partition more into
the aqueous phase than the organic phase (low log Kow)
while class B compounds were more soluble in organic
solvents than water (high log Kow). The log Kow values
of the class C compounds, which were detectable in
both MeOH/H2O (50/50) and the non-aqueous spray
solvent, were observed to cover a large range, but were
generally lower than the values of the class B com-
pounds. The large range of log Kow values observed in
this case may be explained by the fact that most of the
class C compounds have appreciable solubility in both
aqueous and organic solvents. This is in contrast to the
class B compounds, almost all of which are insoluble in
water, making their desorption from a surface with
MeOH/H2O (50/50) unlikely. It is important to realize
that other factors such as proton affinity of the analyte
and the acidity (proton donating ability) of the solvent
also influence the ionization efficiency of DESI for
certain analytes.
Solvent Optimization in DESI
The essential DESI steps of droplet breakup and micro-
droplet desolvation in the heated capillary interface
are related to surface tension and vapor pressure and
their respective temperature dependences, factors not
strongly affected by the presence of analyte [28]. One
can optimize the choice of solvent for each analyte,
without time-consuming empirical measurements, by
considering the solubility (Table 2) and hydrophobicity
(Kow, Tables 2 and 3) of the analyte. As already ex-
plained, the general observation from Table 2 is that
highly hydrophobic compounds (positive log Kow) are
successfully and efficiently ionized using hydrophobic
spray solvents while hydrophilic compounds are effec-
tively ionized using polar spray solvents, both aqueous
and non-aqueous. For example, because of the in-
creased polarity when CH3CN is replaced with THF,
signal intensities derived from CHCl3/CH3CN (50/50)
were generally an order of magnitude higher than those
from CHCl3/THF (50/50) for the class C compounds.
Values of Kow represent the tendency of a chemical
compound to partition between an organic phase and
an aqueous phase. In the DESI case simple solubility of
the analyte in the particular solvent might be the best
parameter by which to judge performance but this
information is not readily available so partitioning
between aqueous and organic phases is used instead.
Justification for this approach is found in the fact that
//www
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e.g., to express soil/sediment adsorption coefficients
Table 2. Summary of performance of various DESI spray solven
Analyte
Sol
(g/# Common name Chemical formula
CLASS A
MeOH/H2O (1:1) spray solution only
1 Thiamphenicol C12H15NO5SCl2
2 Dichloran [37] C6H4N2O2Cl2 0.006
3 Furazolidone* C8H7N3O5 0.04
sol
CLASS B
Non-aqueous (CHCl3/THF and CHCl3/CH3CN, 50/50) spray so
4 Procymidone C13H11NO2Cl2
5 Simazine C7H12N5Cl
6 Trifluralin C13H16N3O4F3
7 Bitertanol C20H23N3O2
8 17--Ethynyl-estradiol [40] C20H24O2
9 Sudan dye I C16H12N2O Com
ins
CLASS C
Both MeOH/H2O (1:1) and non-aqueous spray solutions
10 Tebuconazole C16H22ON3Cl
11 Atrazine C8H14N5Cl
12 Norfloxacin C16H18N3O3F
13 Prochloraz [37] C15H16N3O2Cl3
14 Imazalil metabolite C11H10N2OCl2
15 Imidacloprid C9H10N5O2Cl
16 Terbutryn C10H19N5S
17 Thiabendazole C10H7N3S
18 Thiacloprid C10H9N4SCl
19 Trimethoprim C14H18N4O3
20 Chlorfenvinphos
(Z-isomer)
C12H14O4PCl3
21 Diazinon C12H21N2O3SP
22 Dicurin C9H10N2OCl2
23 Flumequine C14H12NO3F Sligh
24 Leucomalachite C23H26N2 Sligh
25 Malachite green, oxalate
salt
C23H25N2
26 Acetamiprid C10H11N4Cl
27 Enrofloxacin C14H22N3O3F
28 Pentachlorophenol C6H10Cl5
29 Sulfanilamide C6H8N2O2S
30 Nonylphenol C15H24O
31 Methomyl C5H10N2O2S
32 Sulfadiazine C10H10N4O2S
33 Sulfadimethoxine C12H14N4O4S
34 Oxolinic acid C13H11NO5
35 Benzothiazole C7H5NS
36 Ampicillin C16H19N3O4S
37 Benzalkonium chloride
(n  12, 14)
C9H13NCnH2n1 Very
38 Chloramphenicol C11H12N2O5Cl2 Sligh
39 Atrazine desethyl C6H10N5Cl
40 Sarafloxacin C20H17N3O3F2
41 Ciprofloxacin [41] C17H18N3O3F2
42 Dimethoate C5H12NO3PS2
43 Alachlor [42] C14H20NO2Cl
*Analyte was also observed when CHCl3/CH3CN (1:1) was employed a
aData in these columns were obtained from: PNA pesticides databa
safety date sheet, and international program for chemical safety (http:
bKcw was obtained by dividing the solubility of the analyte in CHCl3 byand bio-concentration factors for aquatic life [43]. Kow ismore readily obtained or estimated (http://www.
pirika.com/chem/TCPEE/LOGKOW/ourlogKow.
ith solubilities and hydrophobicities of all 43 analytes
y in H2O
–25o C)
Solubility in CHCl3
(g/L, 20–25o C)
Hydrophobicity
log Kcw
a log Kow
b
1 0.70 0.33
7, MeOH) Soluble — 2.9
htly
)
0.5 (Benzene) [38] slightly
soluble in chloroform [39]
1.1 0.9
n only
0045 210 4.7 3.3
0035 0.9 2.3 2.1
001 1000 6.0 5.3
0029 250 5.0 4.1
0015 — — 4.15
ly
le
— — —
032 250 (CH2Cl2) 3.9 3.7
033 52 3.20 2.1
28 5.5 1.29 1.03
055 600 (CH2Cl2) 4 3.5
18 500 3.4 4.6
5 55 (CH2Cl2) 2.1 2.3
025 Readily soluble — 3.65
05 1000 4.3 —
185 160 2.9 —
4 1.82 0.66 —
145 — — 3.8
04 Completely soluble — 3.2
042 90 (THF) 3.33 —
oluble Soluble — 1.60
oluble — — 3
— — 0.62
2 Soluble — 0.8
3 — 1.1
08 — 5.15
— — —
06 — — 3.9
— — 1.2
— — 0.09
— — 1.63
— — 0.68
— — 2.1
— — 1.06
ble Freely soluble — —
oluble — — —
— — —
— — —
— — 1.31
— — 0.76
24 — — 2.63
I spray solvent.
emicals (http://www.pesticideinfo.org/Search_Chemicals.jsp), material
.inchem.org).
olubility in water.ts w
ubilit
L, 20
5
3 (6.
(Slig
uble
lutio
0.
0.
0.
0.
0.
plete
olub
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
tly s
tly s
110
4.
3.
0.
5
0.
58
—
—
—
—
—
solu
tly s
—
—
—
65
0.
s DES
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what solvent system is likely to be more suitable for a
particular analyte. Our data (Table 3, extracted from
Table 2) suggest that if the estimated analyte log Kow
value is negative (or small), the chances are good that a
polar spray solvent will be the best solvent system. For
analytes with highly positive log Kow values, addition
of CHCl3 to a compatible spray solution will be best.
Detection Limits of Class B Compounds
DESI has been widely used with MeOH/H2O (1:1) as
the standard spray solvent and thus the detection limits
of many class A and C compounds exist in the litera-
ture. By contrast, non-aqueous spray solvents are
rarely employed in DESI, so we present detection
limits of the class B compounds (Table 4). Note that
these detection limits are sub-nanogram (absolute),
17--ethynyl-estradiol being as low as 4 pg. The
values are at least an order of magnitude better than
those achieved for compounds of comparable molecu-
lar weight and functional complexity using methanol/
water. It is straightforward to record DESI MS/MS data
on these compounds in the organic solvent and they
give the characteristic fragments indicated in Table 4.
Substrate Effects
Analytes were examined from brown Kraft envelope
paper and smooth perfluoropolyethylene (Teflon) sur-
faces. Smooth Teflon substrate gave good responses
compared with the paper substrate because of its wet-
ting and nonconducting properties as indicated by
Volny et al. [22] and other authors [5]. In this work,
although both substrates gave comparable detection
limits, class B compounds were not detectable with
MeOH/H2O (1:1) spray solvent irrespective of the sub-
strate used. It matters what substrate is employed when
using non-aqueous spray solvent for all class of com-
Table 3. Hydrophobicity of selected samples; also see Table 2
for the hydrophobicity of all 43 analytes
Compound log Kow
a
MeOH/H2O (1:1) spray solvent only
1 Thiamphenicol 0.33
2 Dichloran 2.9
3 Furazolidone* 0.9
Non-aqueous spray solvent only
4 Procymidone 3.3
5 Simazine 2.1
6 Trifluralin 5.3
7 Bitertanol 4.1
8 17--Ethynyl-estradiol 4.15
9 Sudan dye I —
*Analyte was also observed when CHCl3/CH3CN (1:1) was employed as
DESI spray solution.
aData were obtained from: PNA pesticides database-chemicals (http://
www.pesticideinfo.org/Search_Chemicals.jsp), material safety date sheet,
and international program for chemical safety (http://www.inchem.org).pounds because of the increased signal stability ob-tained with certain surfaces. Surface roughness, wetta-
bility, and electrical conductivity have been observed to
be the main factors responsible for why certain sub-
strates are better suited for DESI than others [5, 22].
Rough/porous Teflon is expected to give a more stable
spray signal when used as a substrate for non-aqueous
spray solvents compared with the smooth Teflon sur-
face used in this work. DESI involves the deposition
and release of charged particles at the surface; hence the
increased signal stability obtained with Teflon in this
work is attributed to its insulating properties.
Internal Energy of Ions Generated using Different
DESI Spray Solvents
During these experiments, certain compounds that can
be examined in both aqueous and organic DESI solvents
were observed to fragment when using MeOH/H2O
spray solvent but not when CHCl3/THF or CHCl3/
CH3CN was used as spray solvent. This motivated us to
study the internal energy deposition in ions generated
using non-aqueous solvents in DESI. To make this
measurement, the survival yield method [44, 45] was
employed using p-substituted benzylpyridinium ther-
mometers ions. The survival yields (SY) of the ther-
mometer ion were calculated according to the eq 1.
SY 
I(parent)
I(parent)   I(fragment)
(1)
In-source CID was employed to induce fragmentation
of the thermometer ions, Scheme 1. The results of the
survival yield calculations are summarized in Table 5.
They show that slightly less energy is deposited into the
ion with CHCl3/THF as spray solution (higher survival
yields) than in the corresponding experiments where
MeOH/H2O spray solution was used. This result par-
allels a known phenomenon observed for ions gener-
ated through electrospray ionization (ESI). Two hypoth-
eses have been used to explain the phenomenon where
ions gain high internal energy from nonvolatile spray
solvents in ESI [44]. One assumes that the high electric
field on the droplets derived from H2O/MeOH solu-
tions promote ejection of ions directly from the droplet
through field desorption. Such ions are emitted into the
gas phase with relatively high kinetic energy and un-
dergo energetic collisions in the high-pressure region of
the skimmer and fragment before cooling. In the second
argument, highly volatile spray solvents are able to
dissipate heat by evaporation and decrease the surface
temperature of the droplet and, hence, reduce the
internal energy of the ions. In this work, the latter
process is thought to account for the lower internal
energy observed for ions generated using CHCl3/THF
(50/50) spray solvent. It is important to note that
survival yields calculated for CHCl3/THF (50/50) spray
solvent were twice those obtained for MeHO/H2O
(1:1) either on paper or Teflon below absolute amount of 100 ng, except
577J Am Soc Mass Spectrom 2010, 21, 572–579 NON-AQUEOUS SOLVENTS IN DESI(50/50). From a study on internal energy deposition in
DESI, it was concluded that similar methanol/water
data corresponded approximately to a Boltzmann
distribution [46].
Table 4. Detection limits and MS/MS transitions for class B com
Compound Structure Mw
Procymidone 284
Simazine 201
Trifluralin 335
17--ethynyl-estradiol 296
Sudan dye I 248
Bitertanol 337
Compounds were not observed in DESI-MS (/MS), using MeOH/H2O
simazine, which was observed at 2 ng.Scheme 1. Fragmentation pathway of thermometer ions.Table 5. Survival yield of substituted benzylpyridinium ions
calculated for MeHO/H2O (50/50) and CHCl3/THF (50/50)
spray solvents. Capillary and tube lens voltages of 80 V and 110
V respectively and capillary temperature of 150 °C were used
R E0 (eV)
a
Survival yield
MeHO/H2O (50/50) CHCl3/THF (50/50)
OCH3 1.508 0.094 0.162
CH3 1.767 0.145 0.291
CN 2.097 0.29 0.519
NO2 2.352 0.611 1.00pounds using CHCl3/THF (1:1) as spray solvent
Species detected MS/MS transition(s) LOD (ng)
[M  H] 284 ¡ 256 0.3
[M  H] 202 ¡ 174; 124; 132 0.3
[M  H] 336 ¡ 294; 236; 276 0.3
[M  H] 297 ¡ 279, 251, 225, 237, 207 0.004
[M  H] 249 ¡ 232; 221; 156
232 ¡ 204
0.3
[M  H] 338 ¡ 269 0.2aTaken from reference [47].
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The importance of analyte solubility in the spray sol-
vent used in DESI has been demonstrated and a rough
correlation of Kow values with performance in organic
versus aqueous solvents has been established. The data
provide indirect support for the mechanism of DESI in
which a localized solvent layer is created on the surface
by the initial spray. This thin film of solvent is thought
to dissolve the analyte present on the surface and the
subsequent droplet-thin film collisions produce off-
spring droplets containing the analyte. This work sup-
ports the hypothesis that the initial dissolution of the
analyte in the thin solvent film is crucial in effectively
ionizing the analyte using DESI. From the results pre-
sented, clearly solvent optimization could extend DESI
to a wider range of compounds. The use of non-
aqueous spray solvents did not only offer this extension
but also generates ions with lower internal energies and
thus it might provide molecular weight information for
fragile compounds. On the other hand, the available
data indicate that the detection limits achievable using
organic solvents are lower than those available from
standard aqueous sprays.
In addition to the simple optimization of solvent
choice to maximize the solubility of the analyte, the
efficiency of the DESI experiment can often be increased
substantially by chemical modification of the analyte.
This can be achieved in situ, by addition of appropri-
ate reagents to the spray solvent. Such experiments
have only been reported for aqueous solvents, so
their extension to organic spray solvents is a matter of
great interest.
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